Purpose
In early stages of various pulmonary diseases, such as emphysema and fibrosis, the change in X-ray attenuation is not detectable with absorption-based radiography. To monitor the morphological changes that the alveoli network undergoes in the progression of these diseases, we propose using the dark-field signal.
Complementing conventional transmission radiographs, grating-based x-ray phasecontrast provides information on the phase shift and the local scattering power of the sample under investigation. In phase-contrast projections of inflated lung tissue the dark-field signal is related to ultra small-angle scattering (USAXS) at multiple tissueair interfaces and provides quantitative information on sub resolution microstructures present in the alveolar network. The aim of the study was to demonstrate the diagnostic value of combined absorption and dark-field projections in a mouse emphysema model (1).
Methods and Materials
Pulmonary emphysema is a common component of chronic obstructive pulmonary disease (COPD), in which inflammatory processes cause irreversible destruction of alveolar walls (see figure 3) leading to a progressive deterioration in lung function (see figure 2 ). For the experiment, three elastase induced emphysematous mouse lungs and three healthy mouse lung samples where studied in vitro. Specimens were fixated in formalin and analyzed with grating-based imaging at a laser-driven lab-scale synchrotron source (Compact Light Source, CLS) (see figure 1 ) (2-5). 
Results
Both transmission and dark-field signal depend exponentially on the sample thickness penetrated and on material properties, namely attenuation coefficient µ and material scattering strength, or linear diffusion coefficient #, where # strongly depends on the mean diameter of the scattering structures (6, 7, 8) : 
Normalized scatter
As all lung samples have been measured with respect to water lnT is proportional to lung thickness crossed by the beam and can be used to normalize the dark field signal, leading normalized scatter projection images that show the distribution of emphysema in the lung (see figure 6 ): 
Conclusion
We present grating-based dark-field images of emphysematous vs. healthy lung tissue. A combination of absorption and dark-field signal in a scatter-plot analysis demonstrates improved emphysema diagnosis in single projections of mice lungs.
In addition to a decrease in pulmonary function of emphysematous mice, which was evident from dynamic compliance and tissue elastance measurements, the emphysematous microstructure of the lung samples was confirmed by histology, where an enlargement of airspaces accompanied by the destruction of their walls is clearly visible.
This proof-of-principle synchrotron-based experiment was conducted at the CLS using highly brilliant and monochromatic X-rays to achieve the benchmark results presented here. Future work will focus on establishing the applicability of the method to higher X-ray energies, as necessary for human chest radiographs, and with conventional Xray tubes, where grating-based phase-contrast imaging has already been successfully demonstrated.
